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ABSTRACT 

The purpose of this study was to determine the trend 

of Apollo USB tracking and communication coverage for individua, 

stations as the launch azimuth and revolution vary for the 

first day's orbiting of a space vehicle, which could be useful 

in outlining tentative Apollo test mission plans. 

An analysis was made to determine the tracking and 

communications coverage for 14 Unified S-band stations for 18 

earth orbit revolutions on launch azimuths 7P0, 80°, go0, 100°, 

and 108O at a space vehicle altitude of 105 NM. The results 

are presented in charts showing how coverage varies with launch 

azimuth in the 72-108O range for each revolution. 
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SU;eruEa: U n i f i e d  S-Band Track ing  and DATE: J u l y  9,  1 9 6 5  
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t i o n s  a t  105 NM A l t i t u d e  f o r  
Launch Azimuths a t  72, 80, 90, 
100,  and 108 Degrees - Case 215 

MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

The a t t a c h e d  F i g u r e s  1-36 show t h e  t r a c k i n g  and 
communications coverage  f o r  t h e  U n i f i e d  S-band s t a t i o n s  l i s t e d  
i n  t h e  p r e c e d i n g  l egend  f o r  e i g h t e e n  r e v o l u t i o n s %  and f o r  
l a u n c h  az imuths  of  7 Z 0 ,  80°,  g o 0 ,  100° ,  and 108O a t  a n  e a r t h  
o r b i t a l  a l t i t u d e  o f  105 NM. -  he-data was accumulated w i t h  

t h e  a i d  o f  a  computer program. (1) 

The l egend  g i v e s  t h e  c o o r d i n a t e s  of  t h e  l a n d  s t a t i o n s  
i n c l u d e d  p l u s  t h e  I n s e r t i o n  S h i p .  Two l o c a t i o n s  were used f o r  
t h e  s h i p ,  one a t  a  n o r t h e r l y  p o s i t i o n  60 meet coverage  
r e q u i r e m e n t s  f o r  l aunch  a t  t h e  h i g h e r  az imuths  (72° -900) ,  and 
one a t  a  more s o u t h e r l y  l o c a t i o n  f o r  t h e  h i g h e r  l aunch  az imuths  
t o  p r o v i d e  t h e  r e q u i r e d  coverage  d u r i n g  l aunch  and f o r  f i v e  
minu tes  a f t e r  i n s e r t i o n .  The s t a t i o n s  a r e  l i s t e d  s t a r t i n g  w i t h  
Bermuda s i n c e  i t  i s  t h e  f i r s t  s t a t i o n  whose coverage  c i r c l e  i s  
e n t i r e l y  e a s t  of  t h e  l o n g i t u d e  o f  Cape Kennedy and p r o c e e d i n g  
i n  an  e a s t e r l y  d i r e c t i o n .  

F o u r t e e n  Uni f i ed  S-band s t a t i o n s  were c o n s i d e r e d  
( e x c l u d i n g  s h i p s  e x c e p t  f o r  t h e  I n s e r t i o n  S h i p ) .  The d e c i s i o n  
t o  p r o v i d e  U n i f i e d  S-band equipment a t  Grand Bahama I s l a n d  
had n o t  been made when t h i s  s t u d y  was i n i t i a t e d .  Although G B I  
w i l l  be i m p o r t a n t  i n  p r o v i d i n g  coverage  d u r i n g  l a u n c h ,  i t  w i l l  
n o t  add s i g n i f i c a n t l y  t o  USB coverage  d u r i n g  e a r t h  o r b i t  s i n c e  

"Eighteen p a s s e s  t h r o u g h  t h e  l o n g i t u d e  o f  Cape Kennedy. 



It i s  l o c a t e d  i n  c l o s e  p r o x i m i t y  t o  o t h e r  USB s t a t i o n s  o f  
t h e  U.S. complex. 

Assumptions 

The t i m e  i n  t h i s  s t u d y  i s  r e f e r e n c e d  t o  l a u n c h .  
The STL Refe rence  T r a j e c t o r y  Data Package i n d i c a t e d  t h a t  a l l  
t r a j e c t o r i e s  c o n s i d e r e d  (one  a t  72' l a u n c h  az imuth ;  t h r e e  a t  
90'; and one a t  108') had e s s e n t i a l l y  t h e  same l a u n c h  p r o f i l e .  
T h e r e f o r e ,  t h e  same t i m e  t o  i n s e r t i o n  i n t o  e a r t h  o r b i t  was 
used  f o r  a l l  l a u n c h  az imuths  ( 1 1 . 9  m i n u t e s ) .  No coverage  
d u r i n g  t h e  l a u n c h  phase  i s  shown h e r e  b u t  i s  t h e  s u b j e c t  o f  

a n o t h e r  memorandum. (2) The c h a r t s  show a t  what t i m e  from 
l a u n c h  a p a r t i c u l a r  s t a t i o n  w i l l  make c o n t a c t  w i t h  t h e  
s p a c e  v e h i c l e  i n  a d d i t i o n  t o  t h e  r e l a t i v e  p o s i t i o n  o f  cove rage  
by e a c h  s t a t i o n  w i t h  r e s p e c t  t o  one a n o t h e r  and t h e  l e n g t h  
o f  t ime  f o r  e a c h  coverage  c o n t a c t .  The s e a r c h  i n t e r v a l  of  t h e  
computer  program used  i n  t h i s  s t u d y  was one minu te .  Any 
c o n t a c t s  o f  l e s s  t h a n  one minu te  shown i n  t h e  d a t a  a r e  f o r -  
t u i t o u s .  These comments r e g a r d i n g  t h e  t i m e  r e f e r e n c e  and t h e  

s e a r c h  i n t e r v a l  r e p r e s e n t  improvements o v e r  a  p r i o r  a n a l y s i s .  ( 3 )  

L ike  t h e  p r e v i o u s  s t u d y  t h e  cove rage  d a t a  p r e s e n t e d  
does  n o t  i n c l u d e  i r r e g u l a r i t i e s  i n  t h e  a n t e n n a  p a t t e r n  caused  
by l o c a l  masking above 5', a n t e n n a  k e y h o l e  e f f e c t s ,  o r  s h i p  
o r i e n t a t i o n .  Also ,  handover  from one s t a t i o n  t o  t h e  n e x t ,  
a c q u i s i t i o n  t i m e ,  o r  q u a l i t y  o f  t r a c k i n g  d a t a  a t  d i f f e r e n t  
e l e v a t i o n  a n g l e s  o f  t h e  s p a c e  v e h i c l e  from t h e  s i t e  were n o t  
t a k e n  i n t o  a c c o u n t .  

The d a t a  i s  based  on an  e a r t h  o r b i t a l  s p a c e  v e h i c l e  
a l t i t u d e  o f  105 NM ( t h e  nominal  t e s t  m i s s i o n  a l t i t u d e )  and a  
p e r f e c t  c i r c u l a r  o r b i t  was assumed. For  c i r c u l a r  o r b i t s  o f  a 
h i g h e r  a l t i t u d e ,  t h e  cove rage  t i m e  f o r  e a c h  s t a t i o n  would, of 
c o u r s e ,  be g r e a t e r ,  as f o r  a l l  e l l i p t i c a l  o r b i t s  whose 
p e r i g e e  would be g r e a t e r  t h a n  105 NM. 

D e s c r i ~ t i o n  o f  F i g u r e s  

F i g u r e s  1 t h r o u g h  1 8  p r e s e n t  d a t a  on communication 
coverage  t o  0' e l e v a t i o n  a n g l e  from t h e  s i t e  and F i g u r e s  19- 
36 show t h e  t r a c k i n g  coverage  i n f o r m a t i o n  f o r  e l e v a t i o n  
a n g l e s  o f  5' and g r e a t e r  f rom t h e  s i t e .  A t  a g l a n c e ,  one 
can d e t e c t  t h e  d e n s i t y  o f  cove rage  f o r  e a c h  r e v o l u t i o n  f o r  
a l a u n c h  az imuth  and compare one l a u n c h  az imuth  a g a i n s t  t h e  



o t h e r s .  They show p i c t o r i a l l y  where t h e  a r e a s  o f  g r e a t e s t  
c o n t i n u o u s  cove rage  l i e  and how coverage  o v e r l a p s  among 
s t a t i o n s  and c o n v e r s e l y  where cove rage  i s  s p a r s e  and how 
g r e a t  t h e  gaps  a r e  between s u c c e s s i v e  c o n t a c t s .  

These f i g u r e s  u s e  t i m e  from l a u n c h  as t h e  o r d i n a t e  
and l a u n c h  az imuth  as t h e  a b s c i s s a  and c o n s e q u e n t l y  show by 
r e v o l u t i o n  how t h e  cove rage  v a r i e s  w i t h  l a u n c h  az imuth .  The 
c o n t o u r s  were p l o t t e d  from t h e  computer d a t a  d e r i v e d  from 
t h e  f i v e  b a s i c  l a u n c h  az imuths  o f  72O, 80° ,  g o 0 ,  100° ,  and 
108O, A l l  s h a p e s  were p r o j e c t e d  where a p p l i c a b l e  by dashed  
l i n e s  t o  where t h e  cove rage  d u r a t i o n  was e s t i m a t e d  t o  be  one 
minu te  . 
O b s e r v a t i o n s  

It can  be s e e n  from t h e  f i g u r e s  t h a t  t h e  maximum 
t r a c k i n g  coverage  from p ickup  a t  5' e l e v a t i o n  from t h e  s i t e  
t o  d r o p  o u t  a t  t h e  same e l e v a t i o n  a n g l e  i s  a p p r o x i m a t e l y  
5 . 2  m i n u t e s .  S i m i l a r l y ,  maximum communication coverage  from 
h o r i z o n  t o  h o r i z o n  i s  a p p r o x i m a t e l y  7 . 3  m i n u t e s  f o r  an  ove r -  
head  p a s s .  

The f i g u r e s  i n d i c a t e  t h a t  t h e r e  i s  no S-band 
coverage  w i t h  g r e a t e r  t h a n  one minu te  d u r a t i o n  on t h e  f o l l o w -  
i n g  r e v o l u t i o n s :  

Launch Azimuth Comm . T r a c k i n g  

T h i s  c o n d i t i o n  c o u l d  be  a l l e v i a t e d  by j u d i c i o u s  
p lacement  o f  i n j e c t i o n  s h i p s ,  

I n  g e n e r a l ,  t h e  cove rage  d e n s i t y  (number o f  c o n t a c t s  
p e r  r e v o l u t i o n )  i s  g r e a t e r  f o r  t h e  e a r l y  r e v o l u t i o n s  and t h e  
l a t e r  r e v o l u t i o n s  i n c l u d e d  i n  t h i s  s t u d y .  The midd le  r a n g e  
o f  r e v o l u t i o n s ,  f rom a p p r o x i m a t e l y  t h e  f i f t h  t o  t h e  t h i r t e e n t h  
f o r  t h e  h i g h e r  l a u n c h  az imuths  s t a r t i n g  w i t h  72' and from t h e  
t h i r d  t o  t h e  t e n t h  f o r  az imuths  a p p r o a c h i n g  108O, have many 
fewer  c o n t a c t s .  Such t r e n d s  c o u l d - b e  s i g n i f i c a n t  i n  c o n s i d -  
e r i n g  o p e r a t i o n a l  maneuvers d u r i n g  t e s t  m i s s i o n s .  



The f i g u r e s  show where a USB s t a t i o n  h a s  s i g n i f i c a n t  
t r a c k i n g  c o n t a c t  i n  r e l a t i o n  t o  t h e  o t h e r  USB s t a t i o n  
c o n t a c t s ,  t h u s  r e v e a l i n g  a p i c t u r e  o f  cove rage  e f f e c t i v e n e s s  
f o r  t h e  r e v o l u t i o n  shown u s i n g  a l l  o f  t h e  USB s t a t i o n s  o r  
some combina t ion  t h e r e o f .  I t  i s  s i g n i f i c a n t  t o  n o t e  t h a t  
n o t  a l l  USB s t a t i o n s  have t h e  same s u p p o r t  c a p a b i l i t y .  
An t igua ,  Bermuda, Canary I s l a n d s ,  and Guaymas w i l l  be  a b l e  t o  
s u p p o r t  o n l y  a s i n g l e  s p a c e c r a f t  (1 t r a n s m i t t e r ,  2  d a t a  
r e c e i v e r s )  w h i l e  a l l  t h e  o t h e r s  w i l l  have a d u a l  c a p a b i l i t y  
( 2  t r a n s m i t t e r s ,  3 d a t a  r e c e i v e r s ) .  Fo r  a p a r t i c u l a r  t e s t  
m i s s i o n ,  t h e  a v a i l a b i l i t y  o f  S-band equipments  must be  t a k e n  
i n t o  accoun t  i n  p l a n n i n g  c o v e r a g e .  

It i s  a n t i c i p a t e d  t h a t  a l l  USB s t a t i o n s  w i l l  be 
o p e r a t i o n a l  p r i o r  t o  t h e  f i r s t  manned S a t u r n  V t e s t  m i s s i o n .  
Unmanned t e s t  m i s s i o n s  p r i o r  t o  t h a t  t i m e  can  u t i l i z e  t h e  
s t a t i o n s  a s  t h e y  a c h i e v e  ne twork  s i m u l a t i o n  c o n d i t i o n s  t h r e e  

months a f t e r  i n s t a l l a t i o n .  (4) S t a t i o n s  may be  used  on a 
when a v a i l a b l e  b a s i s  f o r  v a r i o u s  t e s t  m i s s i o n s  and t h e i r  
a s s i s t a n c e  i n  t r a c k i n g  and communicat ions cove rage  can  be 
e x t r a c t e d  from t h e  f i g u r e s  i n  t h i s  memorandum. 

At t ached  : 
Legend, F i g u r e s  1 - 36 
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L E G E N D  F O R  F I G U R E S  I - 36 

UNIFIED S-BAND STATIONS 

INSERTION S H I P  

( I )  ABBREVIATIOHS HAVE BEEN USED ON A L L  FIGURES. 

(2)  THESE LATITUDES AND LONGITUDES WERE USED AS INPUTS TO 
THE COMPUTER TO ACQUl RE COVERAGE DATA. 

(3) THESE CODES WERE USED OW FIGURES 1-36. 



Launch Azimuth (deg rees )  

F l G U R E  I COMMUNICATION'S COVERAGE (0 '  ELEV. ) 
FIRST REVOLUTION ( 0  - 100.3 m in )  



Launch Azimuth ( d e g r e e s )  

F 1 GURE 2 COMMUNICATIONS COVERAGE (0' ELEV. 
SECOND REVOLUTION (100.3 - 194.6 min) 
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Launch Azimuth (deg rees )  

F l GURE 3 COMMUNICATIONS COVERAGE (0' ELEV. 
THIRD REVOLUTION (194.6 - 288.9 min) 



72 75 8 0 85 9 0 95 100 105 108 

Launch Azimuth (degrees) 

F GURE 4 COMMUN l CATIONS COVERAGE (0' ELEV. 1 
FOURTH REVOLUTION (288.9 - 383.2 min) 



Launch Azimuth ( d e g r e e s )  

F l GU WE 5 COMMUN l CAT1 ONS COVERAGE (0' ELEV. 
FIFTH REVOLUTION (383.2 - 477.5 m i :  



Launch Azimuth ( deg rees )  

F l GU R E  E COMMUN l CAT l ONS COVERAGE (0' ELEV . ) 
SIXTH REVOLUTION (477.5 - 571.8 m in )  



Launch A z i m u t h  ( deg rees )  

F l  GURE 7 COMMUN ! C A T I O N S  COVERAGE (0' ELEV. ) 
SEVENTH R E V O L U T I O N  (571.8 - 66.1 m i n )  



F I G U R E  8 COMMUNICAT IONS COVERAGE (0' E L E V . )  
E I G H T H  REVOLUTION (666.1 - 760.4 m i n )  



F I G U R E  9 C O M M U N I C A T I O N S  COVERAGE (0° E L E V . )  
- N I N T H  R E V O L U T I O N  (760.4 - 854.7 r n i n )  



8 0 8 5 9 0 95 
Launch Azimuth ( d e g r e e s )  

F l GURE 10 COMMUN l CATIONS COVERAGE (0' ELEV. ) 
TENTH REVOLUTION (854.7 - 949.0 m i  n )  
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Launch Azimuth ( d e g r e e s )  

f 1 GURE I I COMMUNl CAT1 ONS COVERAGE f o U  ELEV. 
ELEVENTH REVOLUTION (949.0 - 1043.3 min) 
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Launch Azimuth (degrees) 

COMMUN I CAT1 ONS COVERAGE (0' ELEV. l 2  TWELFTH REVOLUTION (1043.3 - 1137.6 m i n )  



72 75 

Launch Azimuth ( d e g r e e s )  

F I G U R E  13 COMMUNICATION COVERAGE (0 '  ELEV.1 
THiRTEENTH REVOLUTION (1 137.6 - 1231.9 m i n )  



L a u n c h  A z i m u t h  ( d e g r e e s )  

F 1 G U R E  14 C O M M U N I C A T I O N  COVERAGE (0' E L E V .  ) 
F O U R T E E N T H  R E V O L U T I O N  (1231.9 - 1326.2 m i n )  



Launch Azimuth ( d e g r e e s )  

F l GU R E  15 COMMUN l CAT l ON COVERAGE (0 '  ELEV. 
FIFTEENTH REVOLUTION (1326.2  - 1420.E m i n )  



L a u n c h  A z i m u t h  ( d e g r e e s )  

F I G U R E  16 C O M M U N I C A T I O N  COVERAGE (0'  E L E V . )  
S I X T E E N T H  R E V O L U T I O N  (1420.5 - 1514.8 n i n )  



Launch Azimuth ( d e g r e e s )  

F I G U R E  17 COMMUNICATIONS COVERAGE (0° ELEV.) 
SEVENTEENTH REVOLUTlON (1514.8 - 1609. 1 m i n )  



1620 

1610 

1600 

1590 8 
Launch Azimuth (degrees ) 

F l GURE 18 COMMUNICATION COVERAGE 10' ELEV. I 
EIGHTEENTH REVOLUTION (1609.1 - 1703.4 nin)  
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Launch  A z i m u t h  ( d e g r e e s )  

F I G U R E  19 T R A C K I N G  COVERAGE ( 5 O  E L E V . )  
F I R S T  R E V O L U T I O N  (11.9 - 100.3 m i n l  



Launch A z i m u t h  (degrees )  

F l  GURE 20 T R A C K I N G  COVERAGE (5' E L E V .  1 
SECOND R E V O L U T I O N  (100.3 - 194.6 m i n )  
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Launch A z i m u t h  ( d e g r e e s )  

F l G U R E  2 1 TRACK l NG COVERAGE ( 5  ELEV. 
THIRD REVOLUTION (194.6 - 288.9 m i n )  
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Launch A z i m u t h  ( d e g r e e s )  

F 1 G U R E  22 TRACK l NG COVERAGE (5 '  ELEV. ) 
FOURTH REVOLUTION (288.9 - 383.2 m i  n )  



Launch Azimuth (degrees )  

F l GURE 23 T R A C K 1  NG COVERAGE (5' ELEV. ) 
F I F T H  R E V O L U T I O N  (383.2 - 477.5 m i n )  
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Launch A z i m u t h  ( d e g r e e s )  

F l GURE 24 TRACK l NG COVERAGE (5' E L E V .  ) 
S I X T H  R E V O L U T I O N  (477.5 - 571.8 m i n )  



Launch A z i m u t h  ( d e g r e e s )  

F I G U R E  25 T R A C K I N G  COVERAGE (5 '  E L E V . )  
S E V E N T H  R E V O L U T I O N  (571.8 - 666.1 m i n )  



F I G U R E  26 T R A C K I N G  COVERAGE (5 '  E L E V . )  
E I G H T H  R E V O L U T I O N  (666.1 - 760.4 m i n )  
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L a u n c h  A z i m u t h  ( d e g r e e s )  

FIGURE 27 TRACKING COVERAGE (5' ELEV. 
NINTH REVOLUTION (760.4 - 854.7 m i n )  



Launch A z i m u t h  ( d e g r e e s )  

F I G U R E  28 T R A C K I N G  COVERAGE (5 '  E L E V .  1 
T E N T H  REVOLUTION (854.7 - 949.0 m i n )  



Launch Azimuth ( d e g r e e s )  

F l GURE 29 T R A C K I N G  COVERAGE (5' E L E V .  ) 
E L E V E N T H  R E V O L U T I O N  (949.0 - 1043.3 m i n )  
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Launch A z i m u t h  ( d e g r e e s )  

F l GURE 30 TRACKING COVERAGE (5 '  ELEV. 1 
TWELFTH REVOLUTION (1043.3 - 1137.6 m i n )  



F I G U R E  31 T R A C K I N G  COVERAGE (5 '  €LEV . )  
T H I R T E E N T H  R E V O L U T I O N  (1137.6 - 1231.9 m i n )  
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L a u n c h  A z i m u t h  ( d e g r e e s )  



Launch  A z i m u t h  ( d e g r e e s )  

F l GURE 32 TRACK1 NG COVERAGE (5 '  ELEV. ) 
FOURTEENTH REVOLUTION (1231.9 - 1326.2 m i n )  



L a u n c h  A z i m u t h  ( d e g r e e s )  

F l  GURE 33 TRACKING COVERAGE ( 5 "  ELEV. ) 
FIFTEENTH REVOLUTION (1326.2  - 1420.5 m i n )  



L a u n c h  A z i m u t h  ( d e g r e e s )  

F l  G U R E  34 T R A C K I N G  C O V E R A G E  (5' ELEV.  ) 
S I X T E E N T H  R E V O L U T I O N  (1420.5 - 1514.8 m i n )  
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L a u n c h  A z i m u t h  ( d e g r e e s )  

F I G U R E  35 T R A C K I N G  COVERAGE (5' € L E V . )  
S E V E N T E E N T H  R E V O L U T I O N  ( 1514.8 - 1609.1 m i n )  
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Launch Az imuth ( d e g r e e s )  

F l G U R E  36 T R A C K 1  NG COVERAGE (5 '  E L E V .  1 
E I G H T E E N T H  R E V O L U T I O N  (1609.1 - END OF D A T A )  




